Chromosomal aberrations induced--by chemicals represent a class of genetic damage that causes concern as a hazard to the human population. It Mutagenicity of the test compound is decided by a combination of the following criteria: (1) increase in the frequency of dead implantations, (2) Contrary to TEM, a positive dominantlethal effect has been claimed for cyclophosplasmide (15) and Mitomycin C (16). However, the data for these two compounds are not extensive enough, hence there is still doubt on their effectiveness in inducing dominant-lethals in spermatogonia. Certain chemicals, such as TEM, IMS, Myleran, and Mitomycin C, are cytotoxic to spermatogonia, resulting in temporary sterility of treated males.
Strain difference is another factor which must be considered in testing chemicals for induction of chromosomal aberrations in male mice. A clear-cut strain difference was found for EMS induction of dominantlethal mutations (6) . At a dose of 300 mg/ kg, EMS-induced dominant-lethal mutations which resulted in complete sterility in all treated early spermatozoa (matings that occurred 61/2 to 71/2 days after treatment) in the (101 X C3H)F1 males, while in the T-stock males the majority of mated females were fertile, with an average of more than two living embryos per pregnant female. This strain difference also exists at the dose of 200 mg/kg. Such strain difference is obviously a very important consideration, especially when the mutagenic effect of the test compound is low.
Heritable Reciprocal Translocations
One of the consequences of chromosome breakage induced in the postmeiotic stages is the production of symmetrical reciprocal translocations which can be passed to some of the first generation progeny. Such progeny are thus heterozygotes for the translocation. A number of chemicals that are effective dominant-lethal inducers have also been found to be effective in inducing heritable reciprocal translocations in the same germ cell stages. This correlation strengthens the belief that induced dominant-lethals are primarily breaks. Screening for translocation heterozygosity in the F, progeny can be done either by cytological analysis or by fertility testing and is more readily accomplished in males than in females. Cytological screening of F1 male progeny of irradiated males was carried out by Leonard and Deknudt (17) al. (1-9) studied the effect of size of the first litter is 10 or more, the male EMS dose on the induction of dominantis declared fertile and discarded immediately lethal mutations and transmissible reciprocal after scoring the litter. If the first litter is translocations in the same postmeiotic germ less than 10, a second litter is scored. If the cell stage and compared the shapes of the second litter is 10 or more, the male is de-dose-effect curves and efficiency for measurclared fertile and discarded,-otherwise the ing chromosome breakage between the two male is a suspect and is tested further by endpoints. Matter and Generoso (23) studmating him to three virgin--females which ied the effects of TEM dose on the induction are killed during pregnancy. In either case, of dominant-lethal mutations and compared another male is placed with the female one the shape of the TEM dose-effect curve with week after the litter is born and the same that of EMS. procedure is followed until the last male is
The EMS dose-effect study was performadded no later than the tenth litter. The ed with doses ranging from 50 to 300 mg/kg. lapse of one week is required so that parent-It was found that for both dominant-lethals age of litters will not be confused. From our and translocations the effectiveness of EMS study on the fertility of partially sterile in inducing chromosome breakage is proportranslocation heterozygotes, the probability tionately much lower at low doses. The that a partially sterile male will sire a litter dominant-lethal dose-response curve is clearof size 10 or more is estimated as 0.02.
ly not linear-it is markedly concave upAnalysis of the fertility,Aat&aof the (SEC -ward. Similarly, the translocation dose-re-X C57BL)F1 females mated with fully fer-sponse curve showed that there is a more tile males revealed that, -if litter size of 10 rapid increase in the number of translocaor more in his first or second liter sired by tions with dose than would be expected on a male is used as the indicator of full fertil-the basis of dose-square kinetics. One imity and each female is allowed to produce portant aspect, from a practical standpoint, 12 consecutive litters, an average of 5.27 of this dose-response study is the finding males from a sample free of translocations that, whereas induced dominant-lethal mutamay be tested per female. Qut of these, the tions are convincingly detected at 150 mg/kg number of test males per female that can be and above, a significant increase in induced declared fully fertile on-the-basis of one or translocations was already detectable at the two litters sired is estimated as 4.20. Thus 50 mg/kg dose. It is likely that dominantit is now possible to test several F1 males lethal mutations had also been induced at per female instead of killing -three or more doses lower than 150 mg/kg but were not females per F1 male as in-the old procedure. detected, owing to the relative insensitivity The new procedure is now routinely used of the dominant-lethal procedure. Our early in our laboratory for screening male trans-results with TEM also indicate a similar location heterozygotes in-chemical and radia-relationship between the two endpoints. In tion experiments.
addition to the higher sensitivity of this translocation procedure, translocations are Dose Effects of Chemicals in Induction of a much more reliable endpoint in terms of Dominant-Lethal Mutations and Heritable human hazards than dominant-lethal mutaTranslocations in Males.
tions because, unlike the latter, they repreDose is a very important consideration sent transmissible genetic damage. Thus, in the evaluation of mutagenicity of chem-for the detection of low levels of chromosome icals. Yet, information on the dose effect breakage, translocations are a more reliable of chemicals in the induction of genetic dam-endpoint than dominant-lethal mutations.
age to mammalian ger-:.B meage. ' (24) found that relatively high doses of TEM (more than 50 times that of the lowest dose which induces detectable chromosome breakage) given to pregnant females were needed before any retardation of fetal development or teratological effects could be detected. The finding that TEM is mutagenic at extremely low doses strengthens the belief that chemicals in the human environment constitute a potential genetic hazard and that chromosome breakage and its consequences are important components of this hazard.
Paternal Sex-Chromosome Loss and Nondisjunction
The discovery in mice that XO sex-chromosome constitution is viable fertile female (25. 26) and XXY is viable male (27) has spearheaded the use by Russell and Russell of various X-linked markers in the measurement of radiation-induced sex-chromosome anomalies (28 (34) . Third, IMS-induced aborted meiosis among oocytes in the advanced stages of follicular development leading to cell death (33) . And fourth, a significant increase in the frequency of chromosome aberrations was cytologically detected among two-cell embryos from female mice treated with trenimon shortly before induced ovulation (36) . These findings, although by no means unequivocal evidence, strongly suggest a genetic basis for the embryonic lethality induced by these chemicals. Additional genetic evidence for IMS is described in the last paragraph of this report.
Large strain differences exist in the dominant-lethal response of female mice to mutagenic chemicals (6, 33, 37) . Chemicals differ in their effectiveness and in the manifestation of dominant-lethal effects, but in all cases the primary effect is the production of postimplantation embryonic death and, with certain chemicals, also preimplantation losses at high doses. It is clear that a given strain may be more sensitive to one chemical than another, and that the order of sensitivity to chemicals may differ among the strains.
In a recent report (37) , it was attempted to explain why studies on females, in addition to those on males, should be incorporated in the assessment of the fertility effects of chemicals. It was reasoned that fertility effects of chemicals in females may represent a wide variety of possible health hazards such as mutagenic, cytotoxic, and other not easily identifiable nongerminal undesirable effects. Another reason why it may be necessary to include females in the fertility study in mammals is clearly illustrated by our recent finding (38) with the compound hycanthone. Results in males show that hycanthone does not induce any detectable increase in dominant-lethal mutations in two strains of mice, although reduction in fertility due to cytotoxic damages to spermatogonial cells was observed. In females, on the other hand, hycanthone is effective in inducing increases in the incidence of dead implantations. It should be pointed out that whether this response is due to genetic or toxic effects is not known at the present time. A somewhat similar situation seems to be true for IMS in which there are indications that with certain strains of mice females may be more sensitive to induction of dominant lethals than males (7, 33) .
Cytogenetic Analysis of Chemical Damage to Mouse Oocytes
Chromosomal aberration effects of chemicals in mouse oocytes have been studied either directly on the oocytes that are in M-I or M-II or indirectly on early embryonic stages. In both cases, experimental females were given hormonal pretreatment to synchronize estrus. The test chemicals were administered at appropriate periods which correspond to the desired meiotic stages. Jagiello (39) (40) (41) found that the antibiotics phleomycin and streptonigrin induced various abnormalities that were detectable in M-I and M-II, while no effect was obtained for three mercury compounds. By direct examination of M-II oocytes Rohrborn and Hansmann (42) found that the compounds trenimon, cyclophosphamide, and methotrexate are highly effective in inducing struc-tural and numerical chromosomal-aberrations among treated preovulatory' oocytes. Similarly, analysis of two-cell embryos from Trenimon-treated oocytes-also-showed high incidence of structural and numerical aberrations (36) .
Because of the apparent-effectiveness of the chemicals mentioned above in inducing cytologically detectable chromosomal damage, it is important to examine further this approach in female mice. Since such cytogenetic data came from only two laboratories, it seems appropriate to have similar studies conducted by other workers. More importantly, the test may be done without the use of hormonal pretreatment so that only normally developing oocytes are studied, and the possibility of synergism between the hormones and the test chemicals is eliminated. Furthermore, cytogenetic analysis may also be done on oocytes treated not only within a few hours prior to ovulation but also on those that are in other stages of folliculardevelopment. Such information can be matched up with data on presumed dominantlethal mutations.
Induction of Heritable Chromosomal Aberrations in Mouse Oocytes
The results of dominant-lethal and cytogenetic studies in female mice, although suggestive of genetic damage, do not represent transmissible aberrations, and it is not known at present what they mean in terms of hazard. Furthermore, our inability to determine whether the fertility effects of hycanthone in female mice are due to induced genetic damage clearly illustrates the necessity for a reliable genetic assay system for evaluating mutagenic hazards of chemicals in mouse oocytes. Thus it would certainly be highly desirable to determine the relationship of the presumed dominant lethals and cytogenetic damage to heritable chromosome damage. For these reasons, we are currently studying the ability of certain chemicals to induce sex-chromosome loss and heritable reciprocal translocations. The initial experiment is being conducted with IMS. Although this study is not yet complete, it is already obvious that IMS is effective in inducing sexchromosome loss on mouse oocytes (43) . It may be noted that this information represents the first clear-cut genetic evidence for chemically induced chromosomal aberration in mouse oocytes.
